Winemakers have long used copper as a fungicide on grapevine. However, the potential of copper to 12 accumulate on soil and affect the biota poses a challenge to achieving sustainable agriculture. One 13 recently developed option is the use of biocontrol agents to replace or complement traditional methods. 14 In the present study, a field experiment was conducted in South Africa in which the leaves in two blocks 15 of a vineyard were periodically treated with either copper sulphate or sprayed with Lactobacillus 16 plantarum MW-1 as a biocontrol agent. This study evaluated the impact of the two treatments on the 17 bacterial and fungal communities as they changed during the growing season. To do this, NGS was 18 combined with quantitative strain-specific and community qPCRs. The results revealed the progression 19 of the microbial communities throughout the season and how the different treatments affected the 20 microbiota. Bacteria appeared to be relatively stable at the different time points, with the only taxa that 21 systematically changed between treatments being Lactobacillaceae, which included reads from the 22 biocontrol agent. Cells of Lactobacillus plantarum MW-1 were only detected on treated leaves using 23 strain-specific qPCR, with its amount spanning from 10 3 to 10 5 cells/leaves. Conversely the fungal 24 community was largely shaped by a succession of different dominant taxa over the months. Between 25
Introduction

31
Copper (Cu) compounds have traditionally been the means to combat phytopathogenic microbes, 32 especially fungi, in crop plants (Banik and Pérez-de-luque 2017) . In organic agriculture including organic 33 vineyards, the use of Cu-based pesticides is currently the only chemical treatment allowed, although it is 34 limited to a maximum of 6 kg Cu ha -1 per year in the EU (Commission Regulation, 2002) . Such a strict 35 regulation is explained by the adverse effects of Cu on soil organisms and its long-term persistence on 118 This section focuses on two different parameters that describe the microbial community on leaves: 119 phylogenetic diversity (PD) and evenness. The alpha diversity results are summarised in Figure 1 . 120 Looking at the bacterial community on leaves, it was noted that PD was significantly higher in the Cu-121 treated samples compared to the biocontrol samples, as shown in Figure 1a (p-value= 0.014), and that 122 PD seemed largely unaffected by the sampling time during the season (p-value= 0.538), as shown in 123 Figure 1c . Looking at the evenness in Figure 1a , it can be seen that the Cu samples had a greater evenness 124 than the biocontrol samples (p-value =0.0003). In contrast, no statistical effect on evenness was evident 125 when looking at the collection time for 16S (p-value= 0.38), as displayed in Figure 1c .
Alpha diversity on leaves
126
In contrast, the fungal community seemed to be unaffected by the treatments in terms of PD and evenness 
Beta diversity on leaves
This section shows the differences between the samples using Bray-Curtis dissimilarity, looking at the 139 distribution and relative abundances of the single feature between samples. The beta diversities of 16S 140 and ITS sequence datasets, coloured by treatment or collection time, were visualised by PCoA plots and 141 are shown in Figure 2 . With regard to the bacterial community in Figure 2a , it can clearly be seen that 142 the 16S distribution on leaves strongly clustered by treatment (p-value=0.001), while no significant 143 pattern (p-value>0.05) was found in relation to the sampling collection time (Fig. 2b) . The opposite trend 144 was apparent for the fungal community. In fact, although ITS distribution does not appear to be affected 145 by the treatment (p-value >0.05) as displayed in Figure 2b , it does strongly depend on the period of 146 collection during the season, not only at month level (p-value= 0.001) as shown in Figure 2d , but 147 sometimes even at day level (p-value= 0.001), as presented in Figure S2 . 
Taxonomical composition on leaves
The results below show the microbial composition in terms of taxa assigned to the different features 156 found, highlighting the microbial representation on grapevine leaves. All the information regarding 
ANCOM and Gneiss on leaves 198
To test which taxa change in a statistically relevant way, ANCOM was run using treatment and period 199 as discriminants for these samples. The result was that for 16S between different treatments, the only 200 taxa that changed in a statistically significant way was Lactobacillaceae, the family to which this study's 201 biocontrol agent belongs, with the main sequence variant assigned to Lactobacillus plantarum (Table   202   S1 ). Only two statistically relevant differences were found when looking at the period regarding 203 mitochondria and Ralstonia, but none were associated with grapevine and furthermore they appeared in 204 low abundance (Table S2) . 205 In the fungal community there were only two taxa that changed significantly between treatments. These 206 taxa belong to the species Kondoa aeria and to the order of Filobasidiales (Table S3 ). They were in very 207 low abundances and did not seem to be related to any known disease or have an impact on the plant itself.
208
Instead, for this period a large amount of taxa were observed that changed during the season, 42 of which 209 are classified at least at class level (Table S4 ). These findings provide information that can be used to 210 understand the evolution of the fungal community as the season progresses. These 42 taxa included 211 potential pathogens such as Alternaria, Cladosporium or members of Botryosphaeriaceae, with the main 212 sequence assigned to Diplodia seriata using BLAST. As the period shaped the fungal community, an 213 investigation was carried out on which taxa changed between different treatments during specific periods 214 in the season. This ANCOM test returned 50 taxa, of which 46 were classified at order level (Table S5) . 215 Among the taxa that appeared to be differentially distributed between treatments, in a short period of 216 time (such as September alone), there were Botryosphaeriaceae and Leptosphaeriaceae, which were 217 previously highlighted when looking at the taxonomical composition in Figure 3b . 218 Gneiss was then run on the bacterial community dataset to evaluate the impact of MW-1 on other bacteria.
219
Interestingly, Lactobacillacea appeared to be sensitively different (p-value <0.05) from the rest of the 220 microbial community, based on the position occupied in the tree (Fig. S3 ), but the fact that this taxon 221 branches out from the rest means that it does not interact with other species in the community within the 222 same microbial niche. This is a further evidence of that the introduction of this biocontrol agent does not 223 alter the bacterial community that would normally be found on leaves sprayed with copper. 
280
This study revealed the development of the grapevine leaf microbiome over the growing season and 281 displayed the impact of different types of vineyard management using NGS technology combined with 282 qPCR. The combined use of these approaches allowed quantitative and qualitative information to be 283 recovered from the compositional dataset (Perazzolli et al. 2014) .
284
In the present study, the biocontrol-treated phyllosphere-bacterial community had a reduced phylogenetic 285 diversity and evenness compared with Cu-treated leaves, seemingly due to the presence of highly 286 dominant taxa (i.e. the biocontrol agent, which appears as Lactobacillaceae, being dominant in almost 287 all the treated samples). These highly abundant taxa probably compact the remaining populations, 288 reducing evenness and phylogenetic diversity, and excluding some of the rare species that are likely to 289 be missed at a fixed sequencing depth. In fact, phylogenetic diversity positively correlates with 290 sequencing depth, as shown by Davison and Birch (2008) . The beta diversity of the bacteria displayed 291 significant differences since both communities, by treatment, scattered in two distinct directions along 292 axis 1, which explained 28.5 % of the variation.
293
In contrast to the bacterial communities, the fungal communities were affected by the sampling period, 294 during which PD and evenness showed similar trends for both the biocontrol and Cu-treated leaves. This 295 is in line with Singh et al. (2018) who showed that the shift of the microbial community in samples 296 collected at different times was detected for fungi only. The fact that phylogenetic diversity increased, 297 together with evenness, until December suggested that the complexity of the fungal community increased 298 due to a higher number of equally abundant taxa. In December, the fall in PD and evenness was probably 299 due to the presence of one or a few taxa with a high relative abundance that replaced rare species. This 300 hypothesis is based on the fact that the sequencing depth was comparable between samples. The beta 301 diversity of the fungal communities showed that the two treatments had an insignificant effect on the 302 fungal community when the whole period was considered. This result is consistent with the study of 303 Perazzolli et al. (2014) where a chemical and a biocontrol agent against downy mildew were tested in 304 different locations and climatic conditions. They showed that the fungal community was impacted mostly 305 by geography and was resilient to the treatments tested. Instead, it is clear from the present study that the 306 fungal community was strongly affected by the sampling time, suggesting an evolution of the harboured 
